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Hie invention zelates to an optical inf ozmaiion medium for recording by 
means of a focused radiation beam having a radiation wavelength X and a ntmierical aperture 
MA, said nwtium having a substrate* a stack of layers provided thereon, the stack comprising 
at least a first recording stack and k radiation beam transmissive layers, each radiation beam 
transniissiveUyer having a reftactive index ni arid an average thicks < i<k 

andk>2. 

The invention fiirUier relates to a method of manufacturing such an optical 
infomiaticm medium. 



10 

An embodiment of such an optical recording medium is known from European 
patent application EP-A-104705S. ta particular the application of a light transmissive 
adhesive layer in order to bond cover layers or other layers to each other, to the surface of a 
substrate and/or to one or moie information storage layers is described. 

15 Hiere is a constant drive for obtaining optical storage media suitable for 

recording and reproducing, which have a storage capacity of 8 Gigabyte (CB) or larger. 
This requirement is met by some Digital Video Disc or sometimes also Digital Versatile Disc 
formats (DVD). DVD formats can be divided into DVD-ROM that is exclusively for 
reproduction, DVD-RAM, DVD-RW and DVD+ RW, which are also usable for rewritable 

20 data storage, and DVD-R, which is recordable once. Ftesently the DVD formats comprise 
discs wilh capacities of 4.7 GB, 8.5 OB, 9.4 GB and 17 GB. 

The 8.S GB and, in particular, the 9.4 GB and 17 GB formats exhibit more 
complicated constmctions and usually comprise multiple infonnation stomge layers. The 4.7 
GB single layer re-writable DVD format is easy to handle con^^arable, for example, to a 

25 conventional CD (compact disc) but offers an insufficient storage capacity for video 
recording purposes. 

A high storage capacity fomiat that recently has been suggested is Digital 
^eo Recordable disc CDVR). Two foonais are currently being developed: DVR-red and 
DVR-blue, where red and blue refer to ihe used radiation beam wavel^gth for recording and 
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reading. This disc overcomes the capacity problem and, in its simplest fonn, has a single j 
storage layer f omiat which is suitable for hi^ density digital video recording and storage 
having a capacity up to 22 OB in the DVR^blue format 

The DVR disc g^rally comprises a disc-shi^ed substrate exhibiting on one 
5 or both surfaces an information storage layer. The DVR disc further comprises one or more 
radiation beam transmissive layers. These layers are transmissive to the radiation beam diat is 
used to read from or write into the disc. For example a transmissive cover layer, which is 
applied on the information storage layer Generally, for high-density discs* lenses with hi^ 
numerical aperture (NA), eg. higher than 0.60, are used for focusing such a radiation beam 

10 with a relatively low wavelength. For systems with NA's above 0.60 it becomes increasingly 
difficult to apply substrate incident recording with substrate xhicloiesses in the 0.6^1^ mm 
range due to decreasing tolerances on e.g. thickness variations and disc tilt For ihis reason, 
whm using discs that are recorded and read out with a hig^ NA, focusing onto a recording 
layer of a first recording stack, is performed from die side opposite from the substrate. 

15 Because the first recording layer has to be protected from the enviionment at least one 
relatively thin radiation beam transmissive cover layer, e.g. thinn» &an 0*5 mm, is used 
through which the radiation beam is focused* Clearly die need for the substrate to be radiation 
beam transmissive no longer exists and other substrate materials, e.g. mecals or alloys 
thereof, may be used. 

20 In case second or further recording stacks aie present a radiation beam 

transmissive spacer layer is required between the recording stacks, The second and further 
recording stacks must be at least partially transparent to the radiation beam wavelength in 
order to making writing in and reading from the recording layer of the first recording stack 
possible. The thickness of such spacer layers typically is from the order of tens of 

25 micrometers. The radiation beam transmissive layer or layers which are present between the 
radiation beam source and ttie recording stack that is most remote from the substrate ace 
normally called cover layers. When prefabricated sheets are used as transmissive layas extra 
transmissive adhesive layers are required in order to bond cover layers to each other. 

In the DVR disc the variation or unevenness of the thickness of the radiarion 

30 beam transmissive layers over the radial exiension of the disc has to be controlled very 
careftilly in order to rmnimize the variation in Ae optical path length for the impinging 
radiation. Especially the optical quality of the radiation beam at the focal point in the DVR« 
blue version, which uses a radiaticm beam with a wavelength substantially equal to 405 rnn 
and an NA substantially equal to 0.S5, is relatively sensitive to variations in the thickness of 
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the transmissive layers. The total layer thickness has an optimal value in order to obtain 
TnititTnTtm optical Spherical aberration of the focused radiation beam on, eg., the first 



- informadon recording layer. A slight deviation^ e.g. -K/- 2 fioxn this optimal thickness 



S range it is important that the average thickness of the transmissive layers is equal to or close 



have a hi^ yield in manufacturing the disc. Assuming that a thickness error is Gaussian 
distributed around the nominal setting of the thickness, it is clear that the ntmiber of 
manufactured discs which do not conq>ly with the above specification is minimal when the 

10 target setting of the nominal thickness during manufacture is substantially equal to the 
optimal thidmess of the cover layer as in ^ specification of the D VR disc. The nominal 
thickness of a single layer cover of the DVR disc is 1 00 |mi when the lefiactLve index of the 
cov^ layer is n=1.6. The nominal thickness of die cover layer has to be adjusted when using 
a different refractive index. Since a change in optimal thickness can exceed more than one 

15 micron, it is clear from tba point of view of yield that even this small change has to be taken 
into account* Because of the high numerical ap^ture of the read- and write system such a 
change in optimal cover layn Oickness, when the refractive index is different, can not 
accurately be predicted using e.g. third OTda Seidel aberration analysis. Therefore higher 
order analysis or ray tracing methods have to be used. Let D(n) be defined as the optimal 

20 thickness of the singile cover layer as a fimction of the refractive index, hence, for the 
proposed thickness, D(l .6)» 1 00 ^m. Since this is a one parameter function, it has to be 
calculated once, and can be presented in a single graph. A problem now arises when 
considering multi transparent layer discs. As described earlier multi-layer discs are used to 
allow for e.g. dual-layer readout. Furthemiore, from EP-A-1047055 it is known to use a 

25 polymer layer such as, for example, a polycarbonate (PC) sheet as light-transmissive cover 
layGt and adhere such layer to flie information storage layer by means of a thin, spin-coated 
layer of a UV curable liquid resin or a pressure sensitive adhesive (PSA). Because the disc 
now is built up of more than one radiation beam transmissive layer it becomes even more 
difficult to manufacture flie disc which varies within the above specified range. Hence for 

30 such a disc it is even more important to set the nominal thicknesses substantially equal to the 
optimal nominal thicknesses of the multiple cover layer of the disc. Because this is now a 
multi-variable function it can not be presented in a few simple graphs. A way to solve this 
problem is using ray-trace methods. The problem is now that every manufacturer of optical 
discs, who applies transparent layers with deviating refractive indices, must calculate the 



already introduces a considerable amount of this kind of aberration. Because of this small 



to its optimal duckness in order to make optimal use of the tolerances of the system and to 
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optimal thickness itself since it is not koowa befoiehand. An essmtial element in the ray- 
trace fonnalismis that designer has to define ib& cqstbce merit function that the ray trace 
program needs in orxier to conectly optimize one or more transpazent layers of die disc. This - 
requires a skilled optical designer, and the above way is susceptible for orors. 



It is an object of the invention to provide an optical infonnation medium of the 
kind described in the opening paragraph* having k radiation beam transmissive layers of 
substantially uniform thiclcness, with k > 2, and in which the k^ radiation beam iranspaient 
10 layer has an average thickness which causes the focused radiation beam to have a spherical 
aberration zoo or substantially equal to zero at the focal point of said beam. 

It is another object of the invention to provide a method of manufacturing such 
an optical infonnation medium. 



15 



The first object is achieved in that the avoage Sickness dk of radiation beam 
transparent layer k is determined by the formula 



±0.01Din,) and "^^^^kU 



and D(n) representing the thickness versus refractive index function of a single layer 
20 radiation beam tran&missive layer causing TmritTnai sph^cal wavefiont abeiradon in the 

focal point of the focused radiation beam, said focal point being at the recording layer of the 
first recording stack. 

It has been foxmd that the optinouQ thickness of the radiation beam transmissive 
layer k can very accurately be detemoined with tiiis simple fomiula in dependency of die 
25 other k-1 radiation beam transmissive layers. The word other already implies that layer k is 
not necessarily deposited last. It may well be that layer k is an intermediate radiation beam 
transmissive layer, e.g. a layer which is dq>osited in liquid fomi and solidified afterwazds, in 
between the k-I otiier racfiation beam transmissive layers. Such a liquid layer has &e 
advantage liiat its thickness may be varied and optimized by varying e.g. the rotation speed of 
30 the substrate during spincoating of such a layer- With a layer k of this optimal thickness zero 
or substantially zero spherical aberration is obtained at the focal point of doe radiation beam, 
The function D(n) only needs to be determined nly once for a single layCT radiation beam 
transmissive layer, not according to the invention, at the used radiation beam wavelength and 
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at dieNA of the lens that is used for reading £com and writing into the optical infonnation 
medium. Having zero or low spheiical abOTation at said focal point leaves more tolerance for 
eirots in pam of the optical, electrical and mechaxucal system which xeads data from and/or 
writes data into the optical xofomalion medium. For instance disc tilt, lens contanunation, 

' 5 lens tilt, lens defocusing, miaric jitter aU have a det^oiat^ 

of the disc. Having the txansxnissive stack at optimal thickness stretches the margins for these 
other parameters, which results in amote robust systmi. Exp^iments have shown that the 
thickness detemiined with the formula above is substantially equal to the real theoretical 
optimal value of the thickness, that is within 0. 1 % of this value. In order to make die formula 

10 of practical use a bandwidth of -fA 0.01D(n]c) is allowed in which the average thickness d|c 
should lie. The preferred dju is targeted in the middle of this bandwidth in order to have the 
best possible bene&t from the formula. 

In apreferred embodiment the reftactive index Ui of each of the radiation beam 
transmissive layers satisfies IAS < Ui < 1 .70. According to ongoing standardization 

IS discussions this condition has to be fulfilled for the DVR<*bIue disc. In order to prevent 
undesirable reflections at the interface of adjacent radiation beam transmissive layers the 
difference in refractive index of these adjacent layers should be kept small. Within die 
specified range of refractive indices die maximum reflection (R) at the interface of a layer 
with a refractive index of 1.45 and a lay» with a refractive index of 1.70, for a radiation 

20 beam pezpendicular to the plane of the interface, is deductible from die laws of 
electromagnetic theory and amounts to; 

* = 1 7^?r--T^ I = 0.0063 which is far less than 1%. 
(^1.70+1.45 j 

Most cyanic transmissive layers fall within the specified range. 

In a specific embodiment D<1 - 100 (mi. The thickness fimcdon D(n) 
25 representing the optimal thickness of a hypothetical single cover layer, not according to the 

invention, has a value of 100 |xm at a refracdve index of 1.60. It has been agreed for the 

DVR-blue format that the condition of D(n) mentioned in the previous sentence is fiUfilled. 

The single cover layer thickness should be adjusted to a different value when the refractive 

index of the single cover layer has a value different from 1.60. The level of adjustment 
30 depends on the optical specification, e.g. NA, of the lens that is used for focusing a radiation 

beam onto the recoixling layer. 

In another embodiment D(n) is represented by consecutive connection^ with 

substantially linear line parts, of coordinates (n, D(n)) with the values 
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(1,45. 98.5). (1.50. 98.6). (1.55. 99.2), (1.60. 100). (1.65. 101.1) and (1.70. 102.4). This 
defines the fijnction D(n) as specified in the DVR-blue fbimat. which is optimized for an NA 
of 0.85 at aiadiaiion beam wavelength of substantiaUy 405 mn. This thickness function Dfa) 
should be used in the fomwla for <t according to the invention in case of a DVR-blue disc. 
The function is shown in Hg.4. 

Jn another embodiment 0(1.60) = 300 jmi. The thickness function D(n) 
representing the optimal thickness of a Jiypothetical single coverlaycr. not according to die 
invention, has a value of 300 pm at a refiactive index of 1 . 60. In a possible high density DVD 
CHD-DVD) fonnat the condition of D(n) mentioned in the previous sentence is fulfilled. 
Possible structures for a HD-DVD fennat arc: a 300 jun cover layer on a 900 |im substrate 
that includes a recording stack between the cover and the substrate or a 300 cover on both 
sides of a 600 urn substrate that includes a tecoiding stack between the cover and the 
substrate on both sides of the substrate. In both cases the total disc thickness win be 1200 jmi 
or 1 .2 mm. Ibe single cover layer thickness should be adjusted to a different value when the 
15 refractive index of the single layer cover has a vahie different from 1 .60. TTie level of 

adjustment depends on die optical specification, e.g. NA. of die lens that is used for focusing 
a radiation beam onto the recording lay^. 

Li another embodiment D(n) is represented by consecutive connection, widi 
substantially linear line parts, of coordinates (n, D(n)) with the values 
(1.45. 303.8). (1.50. 301.0), (1.55. 299.9). (1.60. 300.0). (L65. 301.1) and (1.70. 303.0). Tliis 
defines die function D(n). as specified in die HD-DVD format, when optimized for an NA of 
substantially equal to 0.70 at a radiation beam wavelength of substantiaUy equal to 405 mn. 
Ibis fliickness function D(n) should be used in the fonnula for d, in case of a HD-DVD disc 
according to die invention. The function is shown in Fig.5, 

In yet another embodiment die diickness dj, of transparent layer k is 
determined by the fonnula 



20 



[l-f^liO. 



30 



00ID(wJ fim. 

The allowable bandwiddi range of 4c is reduced by a factor of ten. An optical infoimatioi 

inedium widi a dk according to diis formula generafiy fulfils die optiinal condition of die 
formula even more closely and is diercfoie superior to die medium according to claim 1 widi 
respect to its absence of spherical aberration of a focused radiation beam at its focal point at 
the first recording layer. 
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The second obgect is achieved in that a method of manufactuiing an optical 
infozination medium according to the inv^tion compiises the st^s of providing a substrate, 
d^ositing a stack of layers thereon, the stack comprising at least one recording stack and k 
radiaiion beam transznissive layers, each transmissive layer having a refractive index ng and 
S average thickness di ^m and 1 < i <k and k> 2. The thickness of the 1^ layer is detennined 
by the formula for according to the invention. Radiation beam transmissive layers are 
usually deposited or applied by spincoating or laminating^ 

Additional auxiliary radiation beam transmissive layers may be present in the 
recording stack or stacks adjacent thQ first and/or farther recording layos. These auxiliary 
10 layers serve in order to improve the recording properties of said recording layers, and usually 
have a thidoiess of the order of tens of nanometers, lliis is much smalls tiban the bandwidth 
that is allowed in claim 3 or 4 for a typical value D(n) » 1 00 fim. Ther^oxe the thidcness of 
those layers may safely be ignored and does not need to be used in the formula according to 
the invention. In case the bandwidth of claim 5 is used, thus 0.001D(n)« the bandwidth is e.g. 
IS +A 0.1 Jim, for D(n) » 100 fim, which still is considerably larger tiian a &w tens of 

nanometers. In the exceptional case wliere an auxiliaxy radiation beam transmissive layer is 
dicker than a few tens of nanorzietexs a it may be required to incorporate it in the foro^ 
die according to the invention as one of the k*l other radiation transmissive layers. 

Suitable recording stacks comprise phase change alloys as recording layers as 
20 described in US patent 5,876,822 and US patent 6,127.049 both filed by Applicants. These 
recording layers are of the erasable type. However, other types of recording layers, e.g. write 
once dyes, write once dye in polymers, erasable magneto optical layers or fluorescent layers^ 
may also be used and are therefore not excluded 



25 



The optical information mediimi according to the invention will be elucidated 
in greater detail by means of three exemplary embodiments and widi reference to ttie 
accompanying drawings, in which 
30 H^. 1» 2 and 3 each show a schematic cross-sectional view of an optical 

information medium in accordance widi the invention. The dimensions are not drawn to 
scale; 

Fig. 4 shows the thickness fimction D<n) optimized for DVR-blue at a 
wavelength of 405 nm and an NA of 0«85; 
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Fig. 5 shows the thickness function D(n) optimized for HD-DVD at 
wavelength of 405 nm and an NA of 0.70. 
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5 Exemplary emhnriiTn<>nf l 

In Fig,l a first exemplary cmbodament, accoiding to the DVR-blue fonnat. of 
the optical infonnation medium 20 for erasable recording is shown. Axadiation beam 10, 
which has a radiation wavelength X of 405 am and anumerical aperture NA of 0.85, is 
focusedinto the medium 20. Tte medium 20 has a substrate 1 and a stack 2 of layera 
provided thereon. The stack 2 compzises a first recording stack 3 with an IPIM layer 
structure, in this order, in which I are dielectric layers made of CZiiS)8o(Si02)2o. P is a phase 
change alloy with the composition Gex+ShaTesg andM is a metal mirror laycsr of aluminum 
(Al). The thicknesses of die layers in the IPIM recording stack 3 are 115 nm, 27 nm, 26 nm 
15 and 100 nm respectively. The Al layer is adjacent the substrate 1 . The stack 2 further 

conqjriscs two radiation beam transmissive layers 4. 5. First transmissive layer 4 is made of 
a UV curable resin, e.g. Daicure EX-860 provided by Dainippon Ink and Chemicals, and has 
a refractive index m = 1.52 and an average thickness dx - 4 The second radiation beam 
transmissive layer 5 is made of polycarbonate (pC) and has a refractive index n2 =^ 1.60. Ihe 
20 average thickness da of the second transmissive layer 5 satisfies the equation; 

=-Da.60)ri----i--]±o.OH?a.60)pm.inwhi^ — ^<1 

and D(n) represents the thidmess versus refiactive index function in ^lm, of a sin^e layer 
radiation beam transmissive layer causing minimal spherical waveftont aberration in the 
focal point of the focused radiation beam, said focal point being at the recording layer of the 
25 first recording stack 3. This function D(n) for the DVR-blue disc is i«presenled by 

consecutive connection, with substantially linear line parts, of coordinates (n. D(n)) with the 
values (1.45, 98.5). (1.50, 98.6). (1.55. 99.2), (1.60. 100). (1.65. 101.1) and (1.70. 102.4). The 
function D(n) for DVR-blue is shown in Fig.4. D(l.60) = 100 jim and 0(1.52) » 98,84 fan, 
which value is detenuined by linear interpolation. This yields for da the value 95.95 jmi. The 
first radiation beam transmissive layer may be applied by dosing a ciicular bead of ihe UV 
curable resin on the substrate 1 that has an already deposited recording stack 3. TTie substrate 

1 is nwuniBd on a chuck of a spincoaler. On top of the circular bead the second transmis 
layer 5 consisting of aprecot sheet of PC wiA a thickness of 95.95 fim is applied. 



30 
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Subsequently the substrate 1 is spun at a rotation speed of about 5000 rpm by which ibc UV 
curable zesin is partiaUy driven outside due to centxifugal forces and a resin layesr 4 is formed 
between the PC sheet 5 and the recording stack 3. After spinning the resin layer 4 has a 
substantially uniform thickness. By varying the rotation speed of the substrate 1 the thickness 
S of the ze sin layer 4 may be adjusted. Hereafter the res in is UV cured by exposure to a suitable 
UV source. The rotation speed, which renders a resin lay^ 4 with a thickness of 4 ^un after 
curing with UV li^^t, must be detennined experimentally. The PC sheet 5 may require 
trimming in order to match the shape of the substrate 1. Thus the total thickness of the double 
cover layer is 99.95 |im being the simi of the thicknesses of the UV curable resin 4 and the 

10 PC sheet 5* As already indicated earlier the k^ transmissive layer is not necessarily the 
deposited PC sheet 5 and may also be the UV curable layer 4. In this case aPC sheet 5 
having a t^ijck"^-'^'^ of 96 fjm, or any other commercially available thickness, may be chosen 
and the thickness of the UV curable layer 4 may subsequently be calculated with the formula 
according to the invention. However the method of depositing or applying layer 4 and 5 is the 

15 same as described above. 

Exemplary embodiment 2. 



20 of the optical information medium 20 for erasable recoxxiing is shown. A radiation beam 10, 
which has a radiation wavelength X of 405 nm and a numerical aperture NA of 0.85^ is 
focused into the medium 20. The medium 20 has a substrate 1 and a stack 2 of layers 
provided thereon. The stack 2 comprises a first recording stack 3, which is identical to the 
stack 3 described in exemplaiy embodiment 1, and two radiation beam transmissive layers 6, 

25 7. First transmissive layer 6 is made of a Ptessurc Sensitive Adhesive (PSA) layer that is 
conomercially available by e.g. 3M. The PSA layer 6 may comprise a transparent backing 
and/or carriCT layer such as, for exanq>le, optionally surface treated^ amoxphous polymer 
layers such as polyethylene tetephtalate (FET), PC or polymethylmethacrylate (PMMA) 
layers carrying on each side an adhesive layer, but preferably it is a transfer film comprising 

30 no backing and/or earner lay^ Hie PSA usually has protective foils <m the adhesive layers, 
which must be removed prior to application. In the ^cample the PSA layer 6 is PMMA based 
and has a refractive index m s 1.501S and an average thickness di « 30 iool The second 
radiation beam transmissive layer 7 is a sheet of precut PC andhas a refractive index nz = 
1.60 at the used radiation beam wavelength. The average thickness da of the second 



In Fig.2 a second exemplary embodimrat, according to the D VR-blue format. 
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txansmissive layer 7 satisfies the equati(»ir 

and D(a) represents the thicknfiss versus lefiactive index function in jjm, of a single layer 
radiation beam tiansmissive layer causing minimal spherical wavefront abenation in the 
5 focal point of the focused radiation beam, said focal point being at the recording layer of the 
first recording stack 3. This function D(n) for the DVR-blue disc is represented by 
consecutive connection, with substantially linear line parts, of coordinates (n. D(n)) with the 
values (1.45, 98.5), (1.50, 98.6), (1.55. 99.2), (1.60, 100). (1.65, 101.1) and (1.70. 102.4), Ihe 
function D(n) for DVR-blue is shown in Pig.4. Thus D(l .60) = 100 |ua and D(1.S015) = 98.6 

10 jjm. This yields for dz the target value of 69.57 fan. The PSAlayer 6 may be ^lied by 

removing a first protective foil ftom a first side of the precut PSA layer 6, laminating it. widi 
a toner or, preferably, under vacuum, omn the substrate 1 that has already deposited onto it 
the recording stack 3. Hereafter a second protective foU is removed fiom the second side of 
the PSA layer 6 and the PC sheet 7 is laminated, with a roUer or. preferably, under vacuum. 

15 on top of the PSA layer 6. Subsequently the PC sheet 7 may require trimming in order to 
match the shape of the substrate 1. Thus the total thickness of the double cover layer is 99.57 

pm being the suni of the thicknesses of tiie PSAlayer 6 and the PC sheet 7. As already 
indicated earlier the k* iransmissive layer is not necessarily the last applied PC sheet 7 and 
may also be PSA layer 6. In this case a PC sheet 7 having a thickness of 70 ^ or any other 
20 commercially available thickness, may be chosen and the thickness of die PSA layer 6 may 
subsequently be calculated with the formula according to die invention. However the method 
and order of dqjositing or applying layer 6 and 7 is the same as described above. 



25 Exemplar y embodiment g 

In Fig.3 a third exemplaiy embodimait. according to the DVR-blue format but 
widi an additional second recording stack, of the optical information medium 20 for erasable 
recording is shown. A radiation beam 10. which has a radiation wavelength X of 405 nm and a 
30 numerical aperture NA of 0.85, is focused into the medium 20, The medium 20 has a 

substrate 1 and a stack 2 of layers provided diereon. The stack 2 comprises a first recording 
stack 3, a second recording stack 3' and three radiation beam transmissive layers 11. 12, 13. 
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The first recoxding stack 3 with an IPINlsinictu 1» 
coxxipiises, in this oiiden 

- a dielectric laya of (ZnS)8Q(SiO2)20 with a thickness of 30 ton, 

- a recording layer of the conq>oond GeSb^Te^ with a thickness of 25 nm* 
5 - a dielectric layer of CZnS)8o(SiQ2)2o with a thickness of 15 nm, 

. an alunnnum xnizrox layer adj acent the substrate wich a (hickoes s of 100 nm. 
The second tecoidiag stack 3^ with an IPIMI ^ stractuxe, in analogy with exemplary 
embodiment 1 but with an added extra dielectric layer 1^, comprises, in this order: 

- a dielectric layer of CZnS)8o(Si02)20 with a thickness of 30 nxn, 

10 - a recording layer of the compound GeSb2Te4 with a thickness of 6 xmi, 

- a dielectric layer of (ZnS)8o(Si02)20 with a thickness of 15 nm, 
" a transparent silver layer with a thickness of 15 mxu 

- a further dielectric layer of AIN with a thickness of 130 nm» 
First transroissive layer is a Pressure Sensitive Adhesive (PSA) layer 11, which is 

IS commercially available, by e.g. 3M. The PSA layer 11 may comprise a transparent backing 
and/or carrier layer such as, for example, optionally surface treated, amorphous polymer 
layers such as polyethylene tex^qphtalate (PBT), PC or polym^ylmethacxylate (PMMA) 
layers carrying on each side an adhesive laya. but pief^ably it is a transfer film comprising 
no backing axKl/or carder layer. The PSA layer 11 usually has protective foils on the adhesive 

20 layers, which must be removed prior to application. In Ae example the PSA layer 11 is 
PMMA based and has a refiractive index ni = 1.50 15 and an average thickness di » 26 pm. 
Hie second transmissive layer 12 is made of a UV curable resin, e.g. Daicure BXri60 
provided by Dainippon Ink and Chemicals, and has ar6fi:active index m ? 1.52 at the used 
radiation beam wavdength, and an average thickness da - 4 yaxL The third radiation beam 

25 transmissive layer 13 is a sheet of precut PC and has a refractive index na = 1 .60 at the used 
radiation beam wavelengdi. The average thickness d% of the third transmissive layer 13 
satisfies the equation: 

26 4 

in which : — <1 

Da^SOlS) D(X.S2) 

30 and D(n) represents the thickness versus refractive index function in lai^ of a single layer 
radiation beam transmissive layer causing mipitriai spherical wavefront aberration in the 
focal point of the focused radiation beam, said focal point being at the recording layer of the 
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first recoidmg stack 3. IWs fimction D(ii) ft*r tbe DVR-Wue disc is represented by 
consecutive connection, with substantiaUy linear line parts, of coordinates (n, D(n)) with the 
values (1.45. 98.5), (L50. 98.6). (1.55, 99.2). (1.60. 100), (1,65. 101.1) and (1.70, 102.4), The 
functioa D(n) for DVR-blue is shown ia FigA Thus D(1.60) = 100 iun, D(1.5015) = 98.6 yim 
5 and DO .52) = 98.84 jun. which value is deteimined by linear interpolation. This yields for da 
the target value 69.58 |un. Thus the total thickness of the tranmissive layeis. neglecting 4e 
auxiliazy traasmissive layers in the recording stack 3 and 3 is 99.58 |iin being the sum of tbe 
thicknesses of the PSA layer 11. UV lesin layer 12 and PC sheet 13. It should be noted that 
when reading out or writing into the recording layer of the second lecoiding stack 3' is 
10 pexfbnned. the focal point of the focused radiation beam 10 has to be moved to the level of 
the tecoiding layer of recording stack 3 This is indicated in Fig. 3 by a dashed line radiation 
beam 10*. Since radiation beam 10' now only focuses through the UV icsin layer 12 and PC 
sheet 13 a considerable amount of spherical abenation will be pxeseat at the focal point of 
radiation beam 10*. This has to be conected for by the optical system of the read/write unit, 
which focuses the radiation beam 10'. 

According to the invisntion an optical infomiation medium for recording, such 
as e.g. DVR-blue, and a method for manufectuiing such a medium is provided. Reading ftom 
and recording onto the medium is performed by means of a focused radiation beam having a 
radiation wavelengfli X and a numerical apeitme NA. Said medium has a substrate, a stack of 
layers provided (hereon. Hie stack comprises at least a first recording stack and k radiation 
beam tiansmissive layers. Each transmissivc layer having a lefiactive index m and an average 
thickness diMmandl<i<kandk>2.Tlie thickness d^ of layer k is deterniined by a simple 
formula which depends on the parameters Ai for i * I.. .k and di for i = 1 ., .k-1. Such a 
medium has substantially zero spherical aberration at the focal point, being at the recording 
layer of the first recording stack, of said radiation beam. 
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CLAIMS: 



X. An optical infonoatioit meditun (20) for zecoiding by means of a focused 

radiation beam (10) havisg aiadiatioii^veleDgth X aad anumeiical aperture NA, said 
medium (20) having a substtate (1). a stack (2) of layers provided thereon, the stack (2) 
comprising at least a first zecoiding stack (3) and k radiation beam transmissive layos (4, 5, 
S 6, 7, 11, 12. 13) each radiation beam transmissive layer (4* S. 6, 7, 11. 12. 13) having a 
refi^ctive index lu and an average thickness 4£{im and 1 < i<kandk>2. 
diaraeterized in thai the average ^ckness dbc of transmissive layer k satisfies the equation 

-Z>(-.)[l-|^]±Oi)lZ>(».)M».in which |^<1 

and D(n) represents the thickaess versus refiracdve index functioxi in fim, of a single layer 
10 radiation beam traosniissive layer causing minimal spherical waveficont abeiration in the 

focal point of the focused radiation beam (10), said focal point being at the recording layer of 
&e fixst recording stack (3). 

2. An optical information medium (20) as claimed in Claim 1, 

15 characterized in that the refiracdve index ni of each of the radiation beam transmissive layers 
(4. 5, 6, 7, 11. 12. 13) satisfies 
1.45 < ni<1.70. 

3. An optical infomiation medium (20) as claimed in Claim 1 or 2, 
20 characterized in that 

D(1.60)=10DMm. 

4. An optical information medium C20) as claimed in Claim 3, 
characterized in that 

25 D(n) is represented by consecutive coxmectioru with substantially linear line 

parts, of coordinates (n. D(n)) witii die values 

(1-45, 98.5), (1.50. 98.6), (1.55. 99-2). (1.60. 100). (1.65. lOl.l) and (1-70, 102.4). 
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^- An optical infonnatioa medium (20) as claimed in Claim 1 or 2, 

characterized in that 

D(l-60) = 300Min. 

5 6. An optical infonnatioa medium (20) as claimed in QaimS, 

characterized in that 

D(n) is lepiescnted by consecutive connection, with substantiaUy linear line 
psats, of coordinates (n, D(n)) with the values 

(1.45, 303.8), (l.50» 301.0). (1.55, 299^), (1.60. 300). (1.65. 301.1) and (1.70. 303.0). 



10 



7. An optical information medium (20) as claimed in any of Qaims 1-6, 

characterized in that 



«i>(«*)[l-£;^j±0.001Z>(n,)Mm. 



^- ^"®*^*»^=^«f'a««inng an optical informati 

by means of a focused radiation beam (1 0) having a radiation wavelength X and a numerical 
aperture NA. comprising 

-providing a substrate (1), 

■depositing a stack (2) of layers thweon. the stack (2) comprising at least one 
20 recording stack (3) and k radiation beam transmisdve layers (4, 5, 6, 7, 11, 12, 13), each 
radiation beam transmissive layer having a reftacdve index xk and average thickness dj pm 
andl< i<kandk>2, 
charactedzedin that 

-depositing the k* layer is carried out with an average thickness <fc which is 
25 determined by the fmrml a 

"^CnJl-S-^ ±0.01Z)(„,)pm, in which 2-r^<l and 

D(n) represents the thickness versus refractive index function in pm. of a singte layer 
radiation beam transmissive layer causing minimal spherical waveftont aberration in the 
focal point of the focused radiation beam (10). said focal point being at the recording layer of 
30 the fast recording stack (3). 
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9. A znethod of manufacturing an optical infonnation xnedium (20) as claimed in 

Claim 8, 

characterized in that the refractive index lu of each of the radiation beam transmissive layers 
(4, 5, 6. 7, 11. 12, 13) satisfies 
1.45 < ni<1.70. 



10. A method of manuf actuting an optical information medium (20) as claimed in 
Claim 8 or 9» 

characterized in that 

D(L60) = 100jim. 

11. A method of manufacturing an optical information medium (20) as c l aimed in 
Claim 10, 

characterized in that 

D(n) is represented by consecutive connecdon with substantially linear line 
parts of coordinates (n, D(n)) with die values 

(1.45, 98-5), (1.50, 98.6X (1.55, 99.2), (1.60, 100), (1.65, 101.1) and (1.70, 102.4). 

12. A mediod of manufacturing an optical infom^ation medium (20) as claimftd in 
Claim 8 or 9, 

characterized in that 

D(1.60) = 300pxa, 



13. A method of manufacturing an optical infomiadon medium (20) as claimed in 

Claim 12. 

characterized in that 

D(n) is represented by consecutive connection with substantially linear line 
parts of coordinates (n, D(n)) widi the values 

(1.45, 98.5), (1.50, 98.6), (1.55. 99.2), (1.60, 100), (1.65, 101. 1) and (1.70, 102-4). 
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ABSTRACT: 



25.01^1 



An optical infonnaticm medium (20) for tecording. such as DVR-blue. and a 
method for manufacturing such a medium (20) is prodded. Reading ftom and lecoiding onto 
the medium (20) is perfotmed by means of a focused ladiation beam (10) having a radiation 
wavelength X and a numerical apectuie NA. Said medinm has a substrate (1). and a stack (2) 
of layere provided thereon. The stack (2) comprises at W a fkst lecorfins stack (3) and k 
radiation beam transmissive layers (4. 5). Each transmissive layer (4. 5) has a i«&active index 

ni and an average thictaiess di and 1 < i < k and k > 2. The ^ckness dk of layer k (5) 
deteimined by a single f oitnnla which d^iends on the paiameteis m' f or i = l . . . k and d, f or i 
= l...k-L Such amedium (20) has zero or substantially zero spherical aberration at the focal 
point, being at the recording layer of fte first recording stack (3). of said radiation beam (10). 
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FIG. 4 




FIG. 5 
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